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PDWHULDOV 7KLV LV RULHQWHG WRZDUGV WKH SDFNDJLQJ DQG VDIHW\ UHTXLUHPHQWV RI PRGXODUO\ VWUXFWXUHG
DOWHUQDWLYHSRZHU WUDLQ V\VWHPV7KHEDVLV RI WKHZRUN LV WKHXQLTXH V\QWKHVLV RI UHVHDUFK ILHOGV DW WKH




WKLV FRQQHFWLRQ WKH YHKLFOH VWUXFWXUH PXVW IHDWXUH VLPSOH VFDOLQJ DQG PRGXODULVDWLRQ GXH WR VWHDGLO\
GHFOLQLQJSHUPRGHOXQLWFRXQWV)RUWKLVUHDVRQVSHFLDOVLJQLILFDQFHXQGHUOLHVWKHGHILQLWLRQRIWKHH[DFW







































































2XU %ULE ZDV LGHQWLILHG DV WKH ULE DQG VSDFH IUDPH FRQVWUXFWLRQ
V FHQWUDO HOHPHQW DQG LWV FRPSOH[
GLPHQVLRQV ZHUH LQWHQVLYHO\ H[DPLQHG 7KH VWDUWLQJ SRLQW RI WKH GHYHORSPHQW ZDV DPHFKDQLFDO EDVLF
SULQFLSOH LQ DXWRPRWLYH FRQVWUXFWLRQ VHH ȈĳȐȜȝĮ ȉȠ ĮȡȤİȓȠ ʌȡȠȑȜİȣıȘȢ ĲȘȢ ĮȞĮĳȠȡȐȢ įİȞ
ȕȡȑșȘțİ ,Q WKH HYHQW RI D VLGH LPSDFW WKH ULE
V ULQJ VWUXFWXUH LQ WKH EDVH EUHDNV RSHQ DERYH D SUH
GHILQHG IRUFH OHYHO DQG WKH LQWDFW ODWHUDO VHFWLRQ RI WKH% ULE URWDWHV DURXQG D KLQJH MRLQW LQ WKH URRI
FURVVEDU DUHD7KLVPHDVXUH VKLIWV HQHUJ\ DEVRUSWLRQ LQWR DQ DUHDRI WKHYHKLFOH






















VLPXODWLRQV %HVLGHV GLIIHUHQW ORDG GLUHFWLRQV IURP WKH VLGH LPSDFW WKH JHQHULF VSHFLPHQ
V
HLJHQIUHTXHQF\ZDVWDNHQLQWRFRQVLGHUDWLRQWRREWDLQDILQHUVWUXFWXUHLQWKHWRSRORJ\RSWLPL]DWLRQ
7KH FURVV VHFWLRQ GHVLJQ IURP WKH VSHFLPHQZDV UHYLHZHGZLWK D YLHZ WR VWLIIQHVV UHVLVWDQFH DQG WKH
PDVV 7KH VLPXODWLRQ





















6XEVHTXHQW EHQFKPDUNLQJ RI WKH YDULRXV FRPELQDWLRQV OHG WR D WKUHHOD\HUHG VWUXFWXUH VHH )LJXUH 
FRPSULVLQJDQLQQHUDQGDQRXWHUVKHOODVZHOODVDQ³RPHJD´VKDSHGSURILOHIRUVWDELOL]LQJWKHVWUXFWXUH








DOVREHWZHHQ VLGHPHPEHUVDQG URFNHUSDQHOV KDVEHHQ VWXGLHG LQGURSWRZHU WHVWV VHH)LJXUH7KH
ZHLJKWVSHFLILFDEVRUSWLRQFDSDFLW\RI KLJKSHUIRUPDQFHFDUERQILEUHPDWHULDO LVEHWZHHQN-NJDQG
N-NJZKLFKLVDERXWWZLFHDVODUJHDVIRUPHWDOOLFPDWHULDOV$FORYHUOHDIVKDSHGEDVHVXUIDFHWXUQHG
RXW WR EH WKH EHVW FURVV VHFWLRQ XQGHU WKH JLYHQ FRQGLWLRQV LQ WKH H[SHULPHQWV SHUIRUPHG DW WKH '/5
LQVWLWXWHRIVWUXFWXUHVDQGGHVLJQ

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)LJ5HVXOWVRIGURSWRZHUWHVWVFRQGXFWHGDWWKHSDUWQHU,QVWLWXWHRIVWUXFWXUHVDQGGHVLJQ







DEVRUSWLRQ ]RQH DQG IRUFH WUDQVPLVVLRQ SRLQW RI WKH EDUULHU DUH QRW DW WKLV KHLJKW 7KH ULE
V ODWHUDO
VWUXFWXUH WKH DUHD RI WRGD\






















LPSURYHG LQWHJUDWLRQ RI WKH ULE RQ WKH VSDFH IUDPH
V DGMDFHQW VXSSRUW VWUXFWXUH 7KH URRIFURVVEDU ULE
LQWHUIDFH UHFHLYHG VSHFLDO DWWHQWLRQ LQ WKLV FRQQHFWLRQ 7HVWHQYLURQPHQW FKDQJHV FRUUHVSRQGLQJ HYHQ
PRUH FORVHO\ WR WRGD\











LQ WKH FRPSXWHU WRPRJUDSK\ &77KLV HQVXUHV WKDW WKH H[DFW FDXVH FDQEH LGHQWLILHGZKHQSUHPDWXUH
IDLOXUH RFFXUV GXULQJ WKH WHVW $ SUHOLPLQDU\ VWDWLF LQYHVWLJDWLRQ RI WKH FRPSRQHQW ZDV VXEVHTXHQWO\
FRQGXFWHGDWWKH,QVWLWXWH+HUHEHIRUHWKHDFWXDOFUDVKWKHVWUXFWXUH
VVWLIIQHVVVKRXOGEHUHFRQFLOHGZLWK
WKH VLPXODWLRQ DQG DQ\ ZHDNQHVVHV SRVVLEO\ VKRZLQJ XS VKRXOG EH FKHFNHG )XUWKHUPRUH SRVLWLRQV
LGHQWLILHGLQWKHVLPXODWLRQIRUWKHDSSOLFDWLRQRIWKHVWUDLQJDXJHZHUHFKHFNHG
)RU WKLV SXUSRVH GLIIHUHQW VWDWLF ORDG FDVHVZHUH H[DPLQHG7KH ULE
V FULWLFDO DUHDZDV VXEVHTXHQWO\
LQYHVWLJDWHG LQ GHWDLO XVLQJ RSWLFDO VWUDLQ PHDVXUHPHQW VHH )LJXUH  7KLV PHDVXUHPHQW V\VWHP
V
DGYDQWDJHLVWKDWWKHGLVSODFHPHQWVZKLFKWKHV\VWHPFRQYHUWVLQWRVWUDLQVDUHUHFRUGHGRYHUDODUJHDUHD











ȈĳȐȜȝĮ ȉȠ ĮȡȤİȓȠ ʌȡȠȑȜİȣıȘȢ ĲȘȢ ĮȞĮĳȠȡȐȢ įİȞ ȕȡȑșȘțİ 7RZDUGV WKH UHWDLQHU IRU WKH VLGH
PHPEHUWKHVWUDLQLQSRVLWLRQ
VUHFRUGHGDUHDLQFUHDVHVWRDWDORDGRIN1
























7KHSXUHO\YLVXDO UHVXOWRI WKH ,,+6VLGH LPSDFW VKRZV WKDW WKH ULE LVQRW IDWDOO\FROODSVHG WKXV WKH
VXUYLYDOVSDFHIRURFFXSDQWVKDVEHHQSUHVHUYHG7KDWZDVWKHPRVWLPSRUWDQWFULWHULRQIRUWKLVWHVWDQG
IRU WKH OD\RXWGHVLJQ'DPDJHIHDWXUHVKHUHDUH WKH WHDULQJRIIRI WKHURRIFURVVEDU IDLOXUHRI WKHRXWHU
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)LJ6HOHFWHGVWUDLQJDXJHVLJQDOVGXULQJWKHG\QDPLFWHVW
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6DIHDQGHDV\DGDSWDEOHIURQWHQGVWUXFWXUH
'XH WR WKHLU PRGLILHG SDFNDJH DOWHUQDWLYH GULYHQ YHKLFOH FRQFHSWV LQFUHDVH WKH UHTXLUHPHQWV RQ WKH
GHVLJQ RI YHKLFOH IURQW HQGV 6WDWHRIWKHDUW SDVVHQJHU FDUV XVLQJ D IURQW VWUXFWXUH GHVLJQ ZKLFK LV
GRPLQDWHGIURPWZRORQJLWXGLQDOUDLOVVHH)LJXUH7\SLFDOO\LQDQDFFLGHQWDVLJQLILFDQWSDUWRIWKH
NLQHWLFHQHUJ\RIWKHYHKLFOHZLOOEHDEVRUEHGE\EXFNOLQJRIWKHORQJLWXGLQDOUDLOV6DIHW\UHOHYDQWFUDVK














)XWXUH YHKLFOHV ZLOO LQ HVVHQFH RIIHUPRUH GLIIHUHQW SURSXOVLRQ RSWLRQV VR WKDW OD\RXW GHVLJQ RI VDIHW\


























WKH LQIOXHQFHRIFKDQJHV LQ WKHSRZHU WUDLQ
VDUFKLWHFWXUH7KLV LVDFKLHYHGE\ WKHVXUURXQGLQJVWUXFWXUH
VXSSRUWLQJVKRULQJVLGHPHPEHUVDJDLQVWREOLTXHIRUFHV
$ IURQW HQG VWUXFWXUH ZDV WKHUHIRUH GHYHORSHG LQ ZKLFK WKUHH RYHUODSSLQJ ORQJLWXGLQDO VWUXFWXUHV
PXWXDOO\VXSSRUWDQGWKXVVWDELOLVHHDFKRWKHUWKURXJKVSDWLDOFRQQHFWLRQ7KHVLGHPHPEHUVWUXFWXUHVDUH
FRQQHFWHG WR RQH DQRWKHU LQ WKH WUDQVYHUVH GLUHFWLRQ YLD D IRUZDUG IURQWHQGPHPEHU VR WKDW QRQD[LDO
IRUFHVDUHDEVRUEHGE\DWRWDORIVL[VLGHPHPEHUVWUXFWXUHVVHHȈĳȐȜȝĮȉȠĮȡȤİȓȠʌȡȠȑȜİȣıȘȢĲȘȢ















7KH PDLQ VLGH PHPEHU FRQVLVWV RI D GRXEOH WHOHVFRSH WXEH LQ ZKLFK HQHUJ\ LV DEVRUEHG E\ PHWDO
FXWWLQJ DW WZR ORDG OHYHOV 7KH ILUVW OHYHO IXOILOV $=7 LQVXUDQFH UHTXLUHPHQWV $Q DGYDQWDJH RI WKLV
VWUXFWXUDO GHVLJQ LV WKDW WKH UHWUDFWLQJ IURQW WXEH LQFUHDVLQJO\ VWLIIHQV WKH WXEH VWUXFWXUH EHKLQG LW 7KH
FRQQHFWLRQRIWKHVL[ORDGSDWKVVKRXOGEHPDLQWDLQHGWKURXJKRXWWKHHQWLUHFUDVK7KHXVHRISHHOWXEHVLQ
WKHGHYHORSHGYHKLFOHVWUXFWXUHHQDEOHVHDV\DGMXVWPHQWRIWKHORQJLWXGLQDOIURQWHQGIRUFHVUHTXLUHGIRU




%HVLGHV D SRVVLEOH OLJKWZHLJKW FRQVWUXFWLRQ SRWHQWLDO WKLV PXWXDO VWLIIHQLQJ RI WKH VWUXFWXUHV FDQ









+HUH WKH QHZO\ GHYHORSHG GHVLJQ RIIHUV QRW RQO\ VWUXFWXUDO DGYDQWDJHV EXW DOVR ZHLJKW VDYLQJV RI
DURXQGSHUFHQW>@FRPSDUHGWRDFRQYHQWLRQDOVWHHOERG\IURQWHQGFRQVWUXFWLRQ7KHVWUXFWXUHHQDEOHV
D FRQVWUXFWLRQZLWK FRQVLGHUDEO\ LPSURYHG VDIHW\ YHUVXV FRQYHQWLRQDO VWUXFWXUHV 7KLV SURSHUW\ FDQ EH
XVHG WR DGYDQWDJH LQ YHKLFOHV ZLWK DOWHUQDWLYH SRZHU WUDLQV WR FLUFXPYHQW FRVWLQWHQVLYH DGDSWLYH
GHYHORSPHQWV DQG VWUXFWXUDO YDULDWLRQV 7KH GHYHORSHG IURQW HQG VWUXFWXUH RSHQV WKH SRVVLELOLW\ RI
HTXLSSLQJ ERWK FRQYHQWLRQDO YHKLFOHV DQG WKRVH ZLWK DOWHUQDWLYH SRZHU WUDLQV ZLWKRXW IXQGDPHQWDO
VWUXFWXUDOFKDQJHV
6XPPDU\DQGRXWORRN
9HKLFOHGHYHORSPHQWZLOO DOZD\V UHPDLQ FORVHO\ DVVRFLDWHGZLWK WKHGHYHORSPHQWRI QHZPDWHULDOV
WKHUHTXLUHPHQWVDQGE\WKHDUFKLWHFWXUDOFRQFHSWZLWKDQDSSDUHQWWUHQGWRZDUGVPXOWLPDWHULDOGHVLJQ±
WKHULJKWPDWHULDO IRUHDFKXVHDQGHDFKSODFH LQ WKHYHKLFOH7KLVPHWKRGRIFRQVWUXFWLRQVWLOOSUHVHQWV
PDMRU FKDOOHQJHV HJ ZLWK UHJDUG WR MRLQLQJ FRPSRQHQWV RU UHF\FOLQJ $QRWKHU FKDQJH LQ YHKLFOH
DUFKLWHFWXUH LV LQLWLDWHG E\ DOWHUQDWLYH SRZHU WUDLQV 7KLV DOORZV GHYLDWLRQ IURP D FODVVLFDO V\VWHP
FRQILJXUDWLRQ  VXFK DV WRGD\¶V LQWHUQDO FRPEXVWLRQ HQJLQH DQG LPSOHPHQWDWLRQ RI QHZ VROXWLRQV7KH
REMHFWLYHRIWKHVHPHDVXUHVUHPDLQVWKHUHGXFWLRQRIFOLPDWHGDPDJLQJ&2HPLVVLRQV
7KHH[DPSOHVVKRZQLOOXVWUDWHWKDWHFRQRPLFDOO\DWWUDFWLYHOLJKWZHLJKWVWUXFWXUHVFDQEHGHYHORSHGE\
WKH DSSOLFDWLRQRI FRPSUHKHQVLYH OLJKWZHLJKW FRQVWUXFWLRQ VWUDWHJLHV LQ FRQMXQFWLRQZLWKPXOWLPDWHULDO
GHVLJQ$PDMRUSRWHQWLDOSDUWLFXODUO\OLHVLQWKHDSSOLFDWLRQRIFRQFHSWRULHQWHGOLJKWZHLJKWGHVLJQ1HZ
LQQRYDWLYHOLJKWZHLJKWGHVLJQVROXWLRQVFDQKRZHYHURQO\EHGHYHORSHGRQWKHEDVLVRIDQXQGHUVWDQGLQJ
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